Background: Leukemia is the most common cause of disease-related death in childhood despite significant improvement in survival and modern risk stratification. Prognostic significance of absolute lymphocytic count (ALC) recovery was studied in pediatric patients with acute lymphoblastic leukemia (ALL). Methods: One hundred twenty one patients newly diagnosed as ALL ≤ 18 yearstreated at pediatric oncology department, South Egypt Cancer Institute from 2011 to 2015 were enrolled. Age, sex, initial total leucocytic count, immunophenotyping, central nervous system (CNS) involvement, mediastinal mass, bone marrow (BM) response on day fifteen and after finishing induction remission were compared to ALC recovery on day 15 (ALC-15) and day 29 (ALC-29) of induction response. Also, prognostic impact of ALC recovery on event free survival (EFS) and overall survival (OS) was evaluated. Results: ALC didn't show any significant relation to known patients' prognostic factors. Patients with low ALC didn't show significant lower response on day 15 and post induction evaluation from those with high ALC (p = 0.74, 0.
Introduction
Acute lymphoblastic leukemia (ALL) in childhood is the most common hematological malignancy. Improvement of the outcomes for the disease have significantly observed in last decades, mainly due to introduction of better risk stratification therapeutic strategies and due to use of superior salvage regimes and better supportive care [1] [2] .
The outcome of pediatric ALL in most of the current treatment protocols can be predicted by many proven factors: initial white blood cell count (WBC), age, immunophenotype (B-or T-ALL), cytogenetics (t(9;22) or t(4;11)) and response to treatment [3] [4] [5] . The most reliable independent predictor of survival and relapse in pediatric ALL is the minimal residual disease (MRD) identified by flow cytometry or molecular genetic technique [3] [4] . However, in most developing countries, the complexity, cost, and training required in performing and interpreting MRD precludes its use. Hence, there is a need to devise a simpler and widely applicable methods to accurately risk stratify patients [2] .
Absolute Lymphocytic Count (ALC) was found to be prognostic of overall survival and event-free survival (EFS) in multiple studies [2] [6]- [13] . Higher ALC measured during induction chemotherapy was associated with superior survival in both adult and pediatric ALL [14] . This observation was based on the knowledge that lymphocytes constitute an effective natural mechanism of the immune system against tumor cells. So, that early lymphocyte recovery is associated with better outcome [15] [16] .
However, ALC measurement time point and cut-off value were not universally determined in all the previous studies as various measurement time points (day 13, day 28, day 29, day 36 and day 43) and ALC cut-off values (350 cells, 500 cells, 900 cells, 1000 cells and 1500 cells) were found to be predictive of outcome [6] - [13] . In patients treated with the Total Therapy XV study at St. Jude Children's Research Hospital, ALC ≥ 500 cell/μL at the end of induction remission was significantly related to favorable presenting feature and associated with OS in the univariate analysis only [10] . We use the earlier Total Therapy TXIII-B study with the same treatment regimen in the first 15 days of induction remission with a shorter duration of induction remission [10] .
The purpose of our study was to determine the prognostic impact of ALC re- 
Patients and Methods
This retrospective study included 121 newly diagnosed pediatric ALL patients (≤18 years) admitted at pediatric oncology department, South Egypt Cancer Institute from June 2011 to December 2015 after approval by institutional ethical committee. Children who received steroid or chemotherapy before enrollment in the study were excluded. Also, patients who died early within one week of admission were excluded (before time of evaluation). Absolute lymphocytic count (ALC) as indicator of immune recovery was obtained from patients' records on day 15 (ALC-15) and on day 29 (ALC-29) of induction. We studied its relation to the previous collected patients' charateristics at initial diagnosis and to the induction of remission response. Then we evaluated its prognostic impact on patients outcome (event free survival (EFS) and overall survival (OS)) at two different cut off levels (ALC < 500 or ≥500 cells/ml and ALC < 350 or ≥350 cells/ml). factors that impact EFS, cox regression analysis was used and it included variables that were significant on univariate analysis. P value was always two tailed and significant at 0.05 level.
Statistical Analysis

Results
Patients' Characteristics
The median age of the 121 newly diagnosed pediatric ALL patients included in this study was 5 years with male to female ratio of 1 
Absolute Lymphocytic Count (ALC)
To exclude the possible effect of bone marrow infiltration at time of diagnosis, we studied the ALC on days 15 and 29 and evaluated their impact as a prognostic factor in ALL at two different cut off levels ALC 350 (< or ≥350 cell/µl) and ALC 500 (< or ≥500 cell/µl). Among the study group, the median level of ALC on day 15 (ALC-15) was 1000 ranged from 100 -11,000 cells/μl and the median level of ALC on day 29 of induction (ALC-29) was 1300 and ranged from 40 -8400 cells/μl. The majority of patients on day 15 
ALC and Other Prognostic Factors
We notice that, the ALC levels of ≥350 cell/µl and ≥500 cell/µl were associated with criteria of favorable prognosis (age < 10 years, TLC < 50,000, B phenotype, absence of CNS infiltration and rapid early response) both on days 15 and 29 as shown in Table 2 and Table 3 . This notice hadn't confirmed by any significant value in statistical analysis. Again, CR response post induction was more prominent in patients with ALC ≥ 350 cell/µl and ≥500 cell/µl (86.5% and 85.7% respectively) on day 15 and (85.6% and 85% respectively) on day 29 with no statistical significance ( Table 2 & Table 3 ). 
ALC and Outcome
In univariate analysis, ALC-15 ≥ 500 cell/µl was significantly associated with a superior EFS; 4-year EFS for patients with ALC-15 ≥ 500 cell/µl was 66.3% ± 0.05% versus 4 year EFS of 47.8% ± 0.10% for patients with ALC-15 < 500 cell/µl (p = 0.040) ( Figure 1 ). Neither ALC-500 (day 29) nor ALC-350 (day 15 & day 29) had impact on OS or EFS (Table 4 ).
When studying the known prognostic factors affecting the outcome of patients in our study as age, immunophenotyping, initial TLC and early response, we confirmed age < 10 years and rapid early response as predictors of good prognosis, patients with age < 10 years had EFS of 65.9% ± 0.05% versus 54.4% ± 0.09% in patients ≥ 10 years (P = 0.050), patients with rapid early response had 4-year EFS of 65.1% ± 0.05% while those with slow early response had 4year EFS of 46.7% ± 0.13% (p = 0.016). Immunophenotyping and initial TLC didn't show significant impact on EFS (p= 0.1& 0.56 respectively) in this study ( Table 5 ).
In multivariate analysis, ALC-15 < 500 cell/µl was still have a highly significant inferior impact on EFS (P = 0.009) together with age ≥ 10 year (p = 0.037) and patients with SER (p = 0.007) ( year EFS of 47.8% ± 0.1% for patients with ALC-15 < 500 cell/µl (p = 0.04). 
Discussion
Acute lymphoblastic leukemia is the most common malignancy of childhood with cure rates approaching 80% with modern therapy [17] . Better risk stratification strategies, based on specific patients related and leukemic cell factors, and improvement in supportive care accounted for these results [18] .
In this study, we retrospectively assessed the predictive role of absolute lymphocytic recovery at two settings (day 15 and day 29) of induction remission phase on the outcome of a cohort of 121 patients with ALL treated at South Egypt Cancer institute in a developing country with limited resources.
The median WBC at diagnosis was 17.2 × 10 3 cell/ ul which considered high when compared to 9.22 × 10 3 cells/ul reported by Farkas et al. [1] and 12.260 cell/ul by Hatzipantelis et al. [12] which may be explained by a higher incidence of T phenotype among our patients. This comes true when we found that the median initial WBC count of 4300 cell/ul reported by Rolf et al. [19] who studied ALC in a group of patients with B-ALL.
Different prognostic ALC cut-off values and measurement time points have been identified, most likely due to marked differences between patients' characteristics and therapy protocols [1] [2] [11] . To exclude the possible effect of bone marrow infiltration at time of diagnosis, we studied the ALC on days 15 and 29 and evaluated their impact as a prognostic factor in ALL at two different cut off levels ALC 350 (< or ≥350 cell/µl) and ALC 500 (< or ≥500 cell/µl). Although we notice that, the ALC levels of ≥350 cell/µl and ≥500 cell/µl were associated with criteria of favorable prognosis both on days 15 and 29, we did not report any significant association in statistical analysis. Farkas et al. [1] and Gupta et al. [2] reported that their patients with low ALC values tend to have a higher risk (MR or HR groups) and a higher age at diagnosis (>10 years) on day 15 of induction with similar cutoff ALC value. Rolf et al. [19] when investigated the relationship between D29 ALC and age as continuous variables also reported a significant inverse correlation (r = −0.47; p = 0.033). A finding that confirms the general observation that lymphocyte counts decrease with increasing age [20] . Otherwise, they reported no significant difference in the median D29 ALC when their patients were grouped by risk status (p = 0.95) or by MRD status (p = 0.65); also gender.
Several previous studies have also examined this prognostic factor in childhood ALL, with varying results. They have used different ALC cut-offs and at different time points. The ALC cut-offs were different that may be accounted for differences in chemotherapy protocol as well as demographic and disease-related characteristics. So, we tried to reach the precise prognostic cutoff point and time to be used in further prospective studies in our center in the absence of MRD assessment to refine our patients as we found that among our patients with favorable criteria, who behaved a bad outcome. When we retrospectively assessed the impact of absolute lymphocyte recovery during induction to predict treatment outcome in our patients cohort, the results of our study revealed that ALC recovery on day 15 of induction was demonstrated to be an independent predictor of survival [ALC-15 < 500 cell/µl have a highly significant inferior impact on EFS (P = 0.009)] together with other established predictors of outcome such as age ≥ 10 year (p = 0.037) and patients with SER (p = 0.007). The immunophenotyping and the initial TLC didn't show prognostic significance in this study that may due to a small size as 12 patients were lost follow up (abandoment). Also, there was a high rate of death and relapse among patients with favorable features which make the difference insignificant.
Similar to our results, Gupta et al. [2] from a developing country published their results on 212 patients using ALC cut off of 500 and 1000 cells/mL at D15 and D29, respectively, and found that they were significant predictors of EFS, relapse free survival (RFS), and OS that were still significant in multivariate analysis. We are similar to these results (ALC-15) and the majority of our patients had a higher ALC cutoff (≥350, ≥500) on day 15 and day 29 (91.7% & 97.5% respectively) (80% & 94.2% respectively) [2] , but we differed in that no significance of ALC-29 cutoff on survival that may be due to the different treatment protocol (4-drug versus our 6-drug regimen) and the different patients' characteristics as high risk features were more than in our study {TLC ≥ 50,000/ml (36.8% versus 31.4%) in our study, also, this study had a larger percentage of older age ≥ 9 years (30.7% versus 27.2%)}. Also, we are similar to earlier study of De Angulo et al. [6] that demonstrated a poor survival of patients with ALC-15 < 350 cells/microL, with a 6-year RFS of 43% (HR 4.5, P = 0.002), whereas patients with an ALC-15 > 350 cells/microL had excellent outcome, with a 6-year OS of 87% (HR 0.2, P = 0.018) which remained a strong predictor in multivariate analysis with known prognostic factors. The patients cohort in De Angulo et al. [6] study were up to 21 years so, they had a higher risk age group, and they treated patients with 3 -4 drug regimen induction treatment. Contrary to our results, Farkas et al. [1] published their study on 132 patients treated on BFM-ALLIC 2002 protocol revealed that ALC had a prognostic significance at the end of induction phase only not earlier as ALC higher than 350 cells/μL measured on the 33th day of induction was associated with better Overall-and Event-Free Survival. This also may be due to the different treatment protocol to us and to the more favorable patients' characteristics in their study than us (TLC < 50,000 were (83% versus 68.6%) in our study and pre B constituted (82% versus 78.5%) in our study. Also, Hatzipantelis et al. [12] who treated their patients on BFM/ALLIC 2009 protocol and had similar favorable patients' characteristics as Farkas et al. [1] showed a favorable prognosis of patients with ALC ≥ 350 cells/ml with a 5-year OS of 92.3% versus 69.2% for ALC < 350 cells/ ml (HR 2.2, P = 0.05).
Although, several studies including us reported ALC recovery as an independent prognostic factor in pediatric ALL, other studies [10] [21] failed to show independently significant prognostic value of ALC at end of induction in childhood leukemia. Also, among studies proved its significance, variables were not standardized and comparison is difficult.
Limitations in our study were being a retrospective study and the unavailability of MRD at that time.
Conclusion
Although our study proved the importance of ALC recovery as an independent prognostic factor in pediatric ALL in addition to consideration of ALC as a readily obtainable test, simple, inexpensive, and easy to interpret and MRD is not easily available all the time, we think its utility in risk stratification of ALL still needs a confirmation through a multicenter study with uniform variables, large cohort and long duration of follow up.
